1,3-Dimethyl-5-bis(thiomethyl)methylenebarbituric acid (8) is obtained from 1,3-dimethylbarbituric acid and CS 2 /NEt 3 followed by alkylation with methyl iodide. Compound 8 reacts with aqueous ammonia to give 5-amino(thiomethyl)methylene-1,3-dimethylbarbituric acid (9). With benzylamine, the thiomethyl substituent in 9 is replaced to give 5-amino(benzylamino)methylene-1,3-dimethylbarbituric acid (10) while with methanesulfonic acid the sulfonate salt 11 is formed. The crystal structures of 8 and 9 are reported.
Introduction
In heterocycles, the carbon atoms of exocyclic methylene substituents act as nucleophilic or electrophilic centers depending on the electronic properties of the heterocycle. Thus, 1,3,4,5-tetramethyl-2-methyleneimidazoline (1) [1] exhibits ylidic properties and can be coordinated at electron-poor centers [2] while 2,2-dimethyl-5-methylene-4,6-dioxo-1,3-dioxane (2) [3] , a Meldrum's acid derivative, is attacked by nucleophiles to form zwitterionic compounds (3, E = C 5 H 5 N, PPh 3 ) [3, 4] . Similarly, 1,3-dimethyl-5-methylene-2,4,6-trioxopyrimidine (4), the corresponding barbituric acid derivative, forms stable base adducts (5) [5] and dimerizes in the condensed phase [6] (Scheme 1).
Though 2,2-dimethyl-5-bis(thiomethyl)methylene-4,6-dioxo-1,3-dioxane (6) [7] has been widely used as precursor for Meldrum's acid derivatives [8 -13] , 5-bis(thiomethyl)methylene-2,4,6-trioxopyrimidine (7) as the corresponding barbituric acid derivative has been mentioned to a much lesser extent [7, 10, 14] . Owing to their medical relevance, we are interested in 0932-0776 / 09 / 0100-0106 $ 06.00 c 2009 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com Scheme 1.
1,3-dimethylbarbituric acid derivatives and report on a new facile synthesis of 8 (Scheme 2), its crystal structure and some reactions. 
Results and Discussion
Synthesis and crystal structure of 1,3-dimethyl-5-bis-(thiomethyl)methylenebarbituric acid (8) Bis(thioalkyl)ylidene derivatives may commonly be prepared from CH-acidic methylene compounds and carbon disulfide in the presence of bases, followed by S-alkylation [8] . We obtained 1,3-dimethyl-5-bis(thiomethyl)methylenebarbituric acid (8) from 1,3-dimethylbarbituric acid as yellow crystals in good yield.
A single crystal structure analysis of 8 was performed to get further insight into its structure and bonding (Tables 1 and 2 ). Compound 8 crystallizes in the monoclinic space group P2 1 /c with Z = 4.
The structure (Fig. 1 ) reveals the folded arrangement of the planes adjacent to the exocyclic olefinic (8) .
116.2 (2) bond (interplanar angle S(1)C(1)S(2)/C(5)C(4)C(9) 29.8(1) • ) which may be a consequence of sterical interaction (S(1)···O(1) 3.142, S(2)···O(3) 2.681Å). Apparently, the different orientation of the SMe sub-stituents towards the olefinic bond is influenced by packing effects. The elongation of the central olefinic bond (C(1)-C(4) 1.399(4)Å) is also caused by the push-pull effect of the substituents attached thereon. For further bond lengths and angles see Table 2 . Over all, the structure of 8 confirms its zwitterionic nature and parallels that of 6 reported by us recently [15] . Thiomethylate substitution by nucleophiles starting from active electrophilic bis(thiomethyl)methylene compounds is a useful synthetic method [8] . With aqueous ammonia, 8 reacts to give 5-amino(thiomethyl)methylene-1,3-dimethylbarbituric acid (9) . The results of its crystal structure analysis are shown in Ta (Fig. 3) . For further bond lengths and angles see Table 3 .
Neither excess ammonia nor more forcing conditions led to the substitution of the second thiomethylate substituent which apparently needs stronger bases or, alternatively, the use of acidic conditions. In fact, the thiomethylate substituent in 9 is replaced by benzylamine in refluxing ethanol to give amino(benzylamino)methylenebarbituric acid (10), while with methanesulfonic acid the thiomethylate substituent in 9 is replaced selectively after protonation of the amino group to give the salt 11.
Concluding Remarks
The synthesis of 1,3-dimethyl-5-bis(thiomethyl)-methylenebarbituric acid (8) follows the conception of the analogous Meldrum's acid derivative 6 which plays an important role in organic synthesis. Thus, 9 enables us to parallel the nucleophilic attack at the exocyclic methylene carbon atom of 6 on which we reported recently [16] . In contrast to Meldrum's acid, barbituric acid is stable towards acids. Therefore, we are investigating the oxidation of the thiomethyl substituents to sulfinyl and sulfonyl groups to make the push-pull-type olefinic bond in 9 a less polarized electron-poor one. We will report on our results in the near future.
Experimental Section
All starting materials were purchased from commercial sources and used without further purification. Experiments Fig. 3 . View of the polymeric hydrogen-bonded chain of C 8 H 11 N 3 O 3 S (9) in the crystal.
were performed in purified solvents under argon. Single crystals of C 9 H 12 N 2 O 3 S 2 (8) and C 8 H 11 N 3 O (9) were obtained by slow evaporation of a diethyl ether solution (8) or by slow cooling of a nitromethane solution (9) .
CCDC 705675 (8) and CCDC 705674 (9) contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/ data request/cif.
C 9 H 12 N 2 O 3 S 2 (8)
To a solution of 1,3-dimethylbarbituric acid (7.2 g, 46 mmol) in DMSO (20 mL) triethylamine (12.9 mL, 92 mmol) and carbon disulfide (2.8 mL, 46 mmol) were added. The mixture was stirred for 1 h at r. t., and iodomethane (6.0 mL, 92 mmol) was added dropwise at −18 • C. The mixture was stirred for further 5 h at r. t. and then diluted with a small amount of ice. Scratching of the walls of the vessel containing the mixture precipitated the product which was filtered off and washed with water and light petroleum/THF to give 6.5 g (54 %) from diethyl ether as yellow crystals. To a solution of 8 (1.2 g, 4.6 mmol) 25 mL of a 25 % aqueous ammonia solution were added. The mixture was stirred at r. t. for 30 min. The resulting precipitate was filtered off and dried in vacuo to give 0.86 g (82 %) of the product after recrystallization from DMSO/CH 2 Cl 2 as colorless crystals. (10) To a solution of 9 (0.6 g, 2.6 mmol) in ethanol (15 mL), benzylamine (0.37 mL, 3.4 mmol) was added. The mixture was refluxed for 15 h. The precipitate was filtered off and dried in vacuo to give 0.55 g (73 %) of the product after recrystallization from CHCl 3 /diethyl ether. - 1 (11) To a solution of 9 (0.8 g, 3.1 mmol) in CH 2 Cl 2 (10 mL), methanesulfonic acid (0.2 mL, 3.1 mmol) was added slowly. The mixture was stirred at r. t. for 6 h. The resulting precipitate was filtered off and dried in vacuo to give 0.50 g (45 %) of the product after recrystallization from DMSO/CH 2 Cl 2 as colorless crystals. 68 (s, 6 H, MeSO 3 ) , 3.07 (s, 6 H, NMe), 7.20 (t, 3 H, NH 3 , 1 J = 52 Hz). - 13 
